orously for 20 minutes at 37 C. The mixture was extracted with 6.0 ml of phenol : chloroform : isoamyl alcohol (50:48: 2), and the mixture was centrifuged at 12,000 x g for 15 minutes at 4 C. The phenol/chloroform extraction was repeated once, and the DNA solution was extracted at least once with chloroform : isoamyl alcohol (24: 1). DNA was precipitated by the addition of 1.0 ml 7.5 M ammonium acetate and 2.0 volumes of cold 100% ethanol at -20 C overnight. The precipitated DNA was pelleted at 12,000 x g for 15 minutes at 4 C and resuspended in 500 µ1 of TE buffer. RNA was removed by adding 1.0 mg RNase A with incubation on ice for 30 minutes. Phenol : chloroform and chloroform extractions were done as before using 600-µ1 volumes. To the aqueous layer, 100 µ1 ammonium acetate and 1 ml EtOH were added for the final precipitation at -20 C overnight. The DNA was centrifuged as before and resuspended in 100-200 µ1 of water and stored at -70 C. Other bacterial DNA was extracted using a hexadecyltrimethyl ammonium bromide (CTAB) extraction procedure 14 or a rapid DNA extraction method, 17 as previously described.
Purified genomic M. bovis DNA was cut with the restriction enzyme EcoRI. 9 Plasmid pUC18 vector DNA digested with EcoRI was treated with bovine alkaline phosphatase" and ligated with the genomic fragments using T4 DNA ligase. 9 The resulting recombinant plasmid DNA was transformed into the E. coli JM109 using an electroporator f according to the manufacturer's recommendations by pulsation at 25 µF, 2.5 kV at 200 ohms. YT agar plates containing 100 pg/ml ampicillin, 1.0 mM IPTG and 40 µg/ml X-Gal were used to identify bacteria containing recombinant plasmids. Colony blots were made and screened using genomic M. bovis DNA dCT 32 P labeled by nick translation. 11 Selected clones were grown in 3.0 ml of YT broth containing 100 µg/ml ampicillin overnight and processed by a mini plasmid preparation procedure. 9 A polyethylene glycol procedure was used for large scale plasmid DNA extraction. 1 Plasmid DNA was digested with EcoRI to remove the cloned DNA insert, and the reaction products were separated by electrophoresis in a 1% (w/v) agarose gel containing 0.01% (w/v) ethidium bromide to visualize the DNA. Southern transfers, using a vacuum blot apparatusg according to the manufacturer's recommendations, were made from the gel and probed with a dCT 32 Plabeled M. bovis genomic DNA probe to check the integrity of the mycoplasma DNA inserts. Restriction endonuclease digestions of 100 µg plasmid DNA were done, and the appropriate bands were excised from the gel following electrophoresis and were electroeluted. f The eluate was phenol: chloroform extracted and ethanol precipitated. Various other restriction enzymes were used for further cleavage of the cloned fragments including AvaI, AccI, BamHI, HindIII, KpnI, SacI, SalI, and XbaI.
Dot blots and Southern analyses were hybridized with probes labeled with dCT 32 P using a commercial nick trans- lation kit d according to the methods of Rigby et al. 11 Probes were labeled to a specific activity of approximately 10 6 -10 7 cpm/µg DNA. Hybridizations were carried out according to Maniatis et a1. 9 Hybridization membranes were placed in special hybridization chamber cylinders h and wetted with a few milliliters of 6 x standard saline citrate (SSC). After wetting, 10 ml of hybridization solution (50% formamide, 5 x SSC, 0.2% (w/v) SDS, 1 x Denhardt's, 12 µ1 of 10.0 mg/ml sheared salmon sperm) was added and the membranes were prehybridized for 4-6 hours at 42 C with rotation in a hybridization chamber. h After incubation, the prehybridization solution was removed and 10.0 ml new hybridization solution was added followed by the addition of the denatured probe. Membranes were hybridized overnight at 42 C in a hybridization chamber with rotation.
Following hybridization, membranes were washed twice for 5 minutes each in 2 x SSC and 0.1% (w/v) SDS and then twice for 15 minutes each in 0.1 x SSC and 0.1% (w/v) SDS. Membranes were then blotted dry, attached to blot paper, sealed with plastic wrap, and placed on autoradiograph film for 1-3 days or as long as required to produce adequate exposures.
Mycoplasma genomic DNA extraction produced 0.5-1.0-g cell pellets from 500-ml cultures and yielded between 200 and 400 pg genomic DNA/500 ml culture. Restriction enzyme digests of genomic DNA were applied to 1.0 % (w/v) agarose gels and electrophoresed for visualization ( Fig. 1 ). The visual restriction bands ranged from approximately 700 to 15,000 bp. Following ligation and transformation, the recombinant colonies were screened by hybridization with 32P-labeled genomic M. bovis DNA probe, and a partial genomic library containing 12 positive colonies out of the 600 screened was obtained. Mini plasmid preparations were digested with EcoRI to remove the cloned inserts. The Southern blot of digested clones was probed with a genomic M. bovis DNA probe. Only 4 of the 12 cloned fragments hybridized with the genomic M. bovis probe: clone number 9-45 (3,300 bp), 9-49 (4,500 bp), 10-39 (2,400 bp), and 14-3 (1,300 bp and 800 bp). Probes were made from each of these clones using the entire cloned fragment and hybridized against dot blots of genomic DNA from E. coli, Klebsiella, Enterobacter, Staphylococcus aureus, Streptococcus sp., Pasteurella muitocida, P. haemolytica, Proteus, Bacillus, and Pseudomonas. Proteus and S. aureus showed the most tendency to cross react with all clones. Clone 10-39 cross-hybridized with S. aureus and Proteus strongly and E. coli to a lesser extent, and clone 14-3 cross-hybridized with Klebsiella and Proteus. Both of these clones failed to hybridize well with the M. bovis DNA. Clone 9-49 cross-hybridized strongly with Proteus and faintly with all other DNA. Clone 9-45 cross-hybridized with Proteus DNA only. Therefore, clones 9-49 and 9-45 were chosen for additional work. Further restrictions with various enzymes were made to digest smaller fragments from the 2 remaining clones. Restriction endonuclease digestion of clone 9-49 using combinations of EcoRI and KpnI released a 1.5kb and a 0.4-kb fragment, EcoRI and AccI released a 0.8-kb fragment, EcoRI and BamHI a 0.25kb fragment, and EcoRI and HindIII a 1.9-kb and a 0.85-kb fragment. Only the EcoRI and HindIII combination produced the desired cleavage of clone 9-45, producing 1.5-, 1.15-, and 0.45-kb fragments (Fig. 2) . Southern transfers of these electrophoresed restriction digests were then hybridized against genomic hybridization probes from Proteus and S. aureus. All fragments of the above digests from clone 9-49 hybridized with genomic Proteus probes. However, an 1,150-bp fragment from the EcoRI/HindIII digest of clone 9-45 did not cross-hybridize with the Proteus probe. None of the 3 fragments cross-hybridized with the S. aureus probe (data not shown).
The 9-45 1,150-bp fragment was labeled and used to probe dot blots of E. coli, Proteus, S. aureus, Pasteurella multocida, P. haemolytica, M. bovis, M. bovirhinis, M. arginini, A. laidlawii, and U. diversum (Fig. 3A, 3B ). The only sample to show significant cross-hybridization was M. arginini. The 9-451,150-bp probe reacted with similar strength to M. bovis and M. arginini when equal amounts of DNA were used for each. Pasteurella multocida and A. laidlawii showed very faint signals but were easily distinguished from the true positives. Upon blotting serial 10-fold dilutions of M. bovis DNA, the 32 P-labeled 9-45 1,150-bp probe was able to detect down to 0.05 ng of DNA processed for dot blot (Fig. 4) .
Unfortunately, following ligation and transformation only a partial genomic library (12 clones) was produced from the EcoRI digest. The large size of the fragments, often larger than the plasmid DNA (approximately 3.0 kb), may have accounted for the small number of clones.
The 1,150-bp fragment of clone 9-45 was chosen as the most acceptable DNA hybridization probe for M. bovis because of its failure to cross-hybridize with any of the bacteria tested, with the exception of M. arginini. The cross-hybridization with M. arginini is a disadvantage because that mycoplasma has been isolated from clinically healthy animals as well as those with respiratory infections. 2 Further testing is needed to rule out cross-hybridizations with other mycoplasma species not included in the probe screening. If the probe is to be used for detecting M. bovis from areas other than the respiratory tract, common mycoplasma pathogens of these areas should be included. Mycoplasma bovigenitalium has been associated with urogenital infections and M. californicum with mastitis, therefore any potential cross-hybridization with these mycoplasma species must be ruled out. The hybridization of the probe with M. arginini and M. bovis DNA with equal intensity and the lack of reactivity with M. bovirhinis, A. laidlawii, and U. diversum DNA may indicate a degree of DNA homology between M arginini and M. bovis within the limits of the hybridization probe. The is low, 16 so it should be possible to find a sequence of suitable size for use as a hybridization probe. The previously reported M. bovis oligonucleotide probe was derived from partial sequences of 16S rRNA and showed some cross-hybridization with M. agalactiae but not with any of the bovine mycoplasmas, including M. arginini. 10 The nick translation method used to label the probe is one of the higher specific activity labeling systems. If the probe is to be used as a routine diagnostic procedure, a nonradioactive label will be necessary. Use of a nonradioactive label would likely reduce the sensitivity, as has been reported for other mycoplasma probes. 8 Subcloning into a suitable vector would allow the production and labeling of a nonradioactive RNA probe that might be beneficial in allowing even more stringent washing conditions to help reduce any background hybridizations.
The cross-reaction with M. arginini could be overcome with the use of polymerase chain reaction (PCR) techniques. Subcloning of the 9-45 1,150-bp fragment, followed by sequencing of regions from both ends, would allow the construction of primers to be used for PCR amplification. Genomic M. bovis DNA and M. arginini DNA could likely be separately amplified with the same primers. The PCR products from each could then be sequenced in their entirety, and a short variable sequence might be identified that could be used to make an oligonucleotide probe specific for M. bovis. A simpler method using Southern transfers of restriction en-zyme digests of M. arginini hybridized with the 1,150-bp probe for M. bovis might also be used to identify the appropriate DNA segment without the use of PCR.
A competent hybridization probe for the detection of M. bovis could be applied in a number of ways. Because the exact role of M. bovis in bovine respiratory disease is not fully understood, a hybridization probe for epidemiologic studies, etiologic diagnosis of clinical infections, and pathologic studies of tissue sections making use of in situ hybridization techniques would be a significant development.
